This paper reports the results of an experimental investigation on the behaviour of High Strength Concrete (HSC) reinforced with different types of steel fibre (copper-coated micro steel fibres, deformed macro steel fibre and hybrid steel fibre). A total of 40 cylindrical specimens with 100 mm diameter and 200 mm height were cast and tested for compressive and split tensile strengths. Three groups of steel fibre reinforced HSC specimens were prepared. The first group included 2, 3, and 4% by volume of coppercoated micro (CM) steel fibre; the second group included 1, 2 and 3% by volume of deformed macro (DM) steel fibre; and the third group included 1.5% (1% CM + 0.5% DM), 2.5% (1.5% CM + 1% DM), and 3.5% (2% CM + 1.5% DM) by volume of hybrid (H) steel fibre. Plain HSC specimens without steel fibre were also prepared. The experimental results showed higher improvements in the compressive and split tensile strengths of the HSC with the inclusion of 3, 2, and 2.5% by volume of CM, DM and H steel fibres, respectively, compared to the plain HSC. 
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Introduction 46
The use of High Strength Concrete (HSC) as a construction material has become very popular due 47 cracks). Under incremental applied load, micro cracks grow and then join to create macro-cracks 72 (Yao et al, 2003; Yoo et al, 2014; Huang et al, 2015) . Afterwards, macro-cracks propagate under 73 further increase in the applied load and eventually lead to a rapid fracture. The inclusion of macro 74 fibres i.e., a fibre with a length higher than 10 mm and diameter ≥ 50 µm, into concrete can arrest 75 macro-cracks (Sharma et al, 2013) . However, inclusion of micro fibre i.e., a fibre with a length less 76 than 10 mm and a diameter in the range between 25 µm to 40 µm, into concrete can arrest micro-77 cracks (Sharma et al, 2013) . A number of research studies focused on the effect of different types, 78 volume content and aspect ratio of macro fibres on the mechanical properties of the concrete (Zollo, 79 1997; Brandt, 2008) . It was found that 2% by volume of macro fibres is adequate to obtain 80 reasonable workability of fresh concrete and higher strength improvement in the hardened concrete. 81
82
The use of one type of fibre (either macro or micro) can only provide reinforcement to the concrete 83 to a limited extent. The use of hybrid fibre, which is a combination of two or more types of fibres, 84 can enhance the mechanical properties of the HSC effectively. However, only a limited number of 85 research studies are available in the literature regarding hybrid steel fibre reinforced HSC (Dazio et 86 al, 2008; Ding et al, 2010; Balanji et al, 2016) . 87
88
The main objective of this experimental study is to investigate the optimum amount of micro, macro 89 and hybrid steel fibres in terms of compressive strength and split tensile strength of steel fibre 90 reinforced HSC. The main parameters investigated are the fibre type (copper-coated micro steel 91 fibres, deformed macro steel fibres, and hybrid steel fibres) and volume content of the steel fibres. 92
Materials 95
In order to produce High Strength Concrete (HSC) mixes with and without steel fibres, the 96 materials used included Ordinary Portland Cement (OPC) Type I (ASTM, 17), fly ash, fine 97 aggregate with a maximum size of 4.75 mm, coarse aggregate with a maximum aggregate size of 10 98 mm, super-plasticizer and three types of steel fibres. The first type of steel fibre was copper-coated 99 micro (CM) steel fibre, which was supplied by Ganzhou Daye Metallic Fibres (GDFM, 2015) . The 100 second type of steel fibre was deformed macro (DM) steel fibre, which was provided by Fibercon 101
Co. Ltd (Fibercon, 2015) . The third type of steel fibre was hybrid (H) steel fibres, which was a 102 combination of CM steel fibres and DM steel fibres. Table 1 shows the nominal properties of steel 103 fibres that were provided by the manufacturers. These properties conform to A820M-11 (ASTM, 104 2011) . Figure 1 shows the shape of CM, DM and H steel fibres used in this study. 105 106
Mix proportions and casting process 107
A total of 40 cylindrical specimens were prepared from ten HSC mixes. Four cylindrical specimens 108 of 100 mm x 200 mm from each mix were cast and tested. Mix R included plain HSC without steel 109 fibres. Mixes CM-1, CM-2 and CM-3 included 2%, 3%, and 4% by volume of CM steel fibres, 110
respectively. Mixes DM-1, DM-2, and DM-3 included 1%, 2% and 3% by volume of DM steel 111 fibres, respectively. Mixes H-1, H-2, and H-3 included 1.5% (1% CM + 0.5% DM), 2.5% (1.5% 112 CM + 1% DM), and 3.5% (2% CM + 1.5% DM) by volume of H steel fibres, respectively. The mix 113 proportions for 1 m 3 of the HSC with and without steel fibres are presented in Table 2 . The amount 114 of superplasticizer (high range water reducer) varied from 1.5% to 2% of the weight of binder 115 material (Cement + Flay ash).aggregate were added into the mixer and mixed for 3 min. Then cement and fly ash were added and 118 mixed for another 3 min. The steel fibres were added into the mix (sand-coarse aggregate-cement-119 fly ash) for about 3 min to obtain a homogenous dry mix. Finally, tap water was added into the 120 mixture along with super-plasticizer and mixed for an additional 3 min. The same process was 121 followed to produce all others concrete mix. 122
123
The fresh steel fibre reinforced HSC mixtures were poured into cylinder moulds and vibrated to 124 reduce air bubbles. After 24 hours, the specimens were demolded and cured in a water tank for 28 125 days. At the end of 28 days, the strength test (compression test and split tensile test) was performed 126 according to Australia Standards 1012 .8-14 (AS, 2014 . influenced by the addition of 1% and 3% of DM steel fibre, the inclusion of 2% by volume of DM 162 steel fibres into HSC showed a slight improvement in the compressive strength of the HSC. The 163 inclusion of 2.5% of H steel fibres into HSC showed a higher improvement in the compressiveThe effect of the type of steel fibres (CM and DM) on the compressive strength of HSC was also 167 studied by considering the volume contents of 2% and 3% of both steel fibres. Figure 5 presents the 168 effect of the type of steel fibres on the compressive strength of HSC. It was found that the 169 compressive strength of HSC increased by 3% and 1% with the inclusion of 2% of CM steel fibres 170 and DM steel fibres by volume, respectively. However, the compressive strength of HSC increased 171 by 6% and 0.2% with the inclusion of 3% of CM steel fibres and DM steel fibres by volume, 172 respectively. For the same volume content, it was observed that the inclusion of CM steel fibres 173 leads to higher compressive strength of HSC compared to the compressive strength of the HSC for 174 the inclusion of DM steel fibres. 175 176
Split tensile strength of HSC with and without steel fibres 177
The results of the split tensile strength of different types of steel fibre reinforced HSC are shown in 178 Table 4 . Figure 6 presents the effect of the volume content of steel fibres on the split tensile 179 strength. It was found that the split tensile strength of the HSC significantly improved with the 180 inclusion of steel fibres. The split tensile strength in general increased with the increase in volume 181 content of steel fibres. The improvement in the split tensile strength ranged from 55% to 100% 182 compared to the reference specimens. The split tensile strength of the HSC increased by 55%, 74%, 183 and 76% with the addition of 2%, 3%, and 4% by volume of CM steel fibres, respectively, 184 compared to the reference specimens. In addition, the split tensile strength of the HSC increased by 185 57%, 77%, and 79% with the inclusion of 1%, 2%, and 3% by volume of DM steel fibres, 186
respectively, compared to the reference specimens. Also, the spilt tensile strength of the HSC 187 increased by 60%, 85% and 100% with the inclusion of 1.5%, 2.5%, and 3.5% by volume of H steelstudied by considering volume contents of 2% and 3% of both steel fibres. Engineering, Vol. 58, Zollo, R. F. 1997, "Fibre-reinforced concrete: an overview after 30 years of development", Cement 276
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